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Abstract 
Mesoscale convective complexes (MCC) systems produce a wide variety of severe convective weather such as heavy rainfall. 
The MCC is a subclass of mesoscale convective systems (MCSs) defining as a convective cloud system that is large, long lived, 
and exhibits a quasi-circular cloud shield. This study evaluates spatial distributions of heavy rainfall over Java Sea region during 
wet season conditions; namely, December January February (DJF). Rainfall data set obtained from Tropical Rainfall Measuring 
Mission (TRMM) measurements for period 1998 - 2013. Heavy rainfall is represented by amount of maximum rainfall. Diurnal 
cycles of rainfall features present that the development and movement of convective rainfall is mainly related to the land and sea 
breezes. The evolution of hourly rainfall at 3 hourly intervals, illustrates a clear diurnal variation over Java Sea region. From 22 
Local Time (LT) to 10 LT the large average rainfall mainly located in the Java Sea. Then from 13 LT to 19 LT the large average 
rainfall mainly located in the inland. While from 10 LT to 13 LT the large average rainfall located in both the Java Sea and the
inland. And from 19 LT to 22 LT the large average rainfall located in Java coastwise. This situation has agreement with the 
formation of its maximum and standard deviation in diurnal cycles. The daily convective rainfall in the inland region is much 
more than that in the sea region, but heavy rainfall is often found over the sea. 
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1. Introduction 
Java Sea is located in the tropics of the Southern Hemisphere (Fig. 1), exactly between Java and Borneo Island as 
part of Indonesian Maritime Continent (IMC). Java Island is the most populated island, most important industrial 
and agricultural regions in this region, and vice versa with Borneo Island. Java Sea is one of the most important seas 
in IMC, it can be classified as shallow water with average depth 40 m [1]. Dominant feature of the general 
circulation over Java Sea are land-sea breeze [2] and monsoon climate [1].  
Ramage [3] reviewed studies of heavy tropical rainfall and concluded that the storms: were associated with a 
synoptic-scale disturbance, drew upon plentiful supplies of moisture, and were usually anchored by some 
discontinuity in surface roughness. Schroeder [4, 5] found that island topography was a dominant factor in most 
events, producing extreme gradients of rainfall. Schroeder [5], Cram and Tatum [6], and Dracup et al. [7] noted that 
warm clouds have produced heavy rainfall. In the previous study, Mesoscale Convective Complexes (MCC) systems 
produce a wide variety of severe convective weather [8, 9, 10], such as heavy rainfall. In this case Durkee et al [11] 
have demonstrate that MCCs in Subtropical South America (SSA) produce widespread precipitation that contributes 
substantially to the total rainfall across the region, ie. MCCs accounted for 30% - 50% of the total rainfall in 
December across northern Argentina. Meanwhile, Ashley et al [12] have shown that it can up to 60% during warm 
season in the central United States and Laing et al [13] have shown that it can also 22% in Sahelian Africa. The 
MCC is a subclass of mesoscale convective systems (MCSs) defining as a convective cloud system that is large, 
long lived, and exhibits a quasi-circular cloud shield [8]. 
In the previous study using a very high-resolution (20-km) atmospheric General Circulation Model (GCM) by 
Kitoh and Arakawa [14] that precipitation change at the end of the twenty-first century is found over Java Sea 
morning precipitation decreases and evening precipitation increases. Then they concluded that weakened land-sea 
breeze circulation by global warming due to larger night-time temperature increases over land than during the day 
contributes to the decreased rainfall diurnal variation. Rainfall in this region is complicated by the underlying lower 
boundary forcing by highly complex island topography and land–sea contrasts [2]. Furthermore, Qian [2] showed 
the important role of the topography and the associated diurnal cycles of land–sea breezes and mountain–valley 
winds in the spatial rainfall distribution over Java. The some rainy weather types have westerly winds over Java, 
corresponding to wet season winds, with much more rainfall over Java [15]. Moreover, during DJF the Intertropical 
Convergence Zone (ITCZ) is situated over Java with a maximum low-level convergence that indicating large-scale 
unstable atmospheric conditions of ascent favouring convection and rain [15]. Therefore, understanding of rainfall 
variability over Java and surrounding areas is essential to improve the quality of climate forecasting to reduce the 
risk of natural disaster and make better strategic decisions in multi sectors. 
Houze et al [16] define a heavy rainfall (major rain event) as one in which more than 25 mm rainfalls over an 
area greater than 12,500 km2 in 25 hours. Meanwhile Dyson et al [17] defines a heavy rainfall event when more than 
25 mm occurs in 24 hours in an area of at least 20,000 km2. So that heavy rainfalls define by the areal average 
rainfall exceeds particular thresholds. The other cases Bradley and Smith [18] define extreme rainfall as a ‘major 
rain event’ when the daily rainfall accumulation is at least 125 mm at 1 or more rainfall stations. Zhang et al. [19] 
define heavy rainfall separately for different stations in Canada by identifying a threshold value that is exceeded by 
an average of 3 events per year. However, Chen et al. [20] define a heavy rainfall event in Taiwan when more than 
50 mm occurs in 24 hours at 1 or more weather stations. In a recent study, Fragoso and Tildes Gomes [21] identified 
an extreme rainfall event over southern Portugal when 40 mm occurred in 24 hours. According to Hidayat and Kizu 
[22] the positive rainfall anomaly over the Java Sea during the wet phase is up to 5 mm/day impacted by the 
Madden–Julian Oscillation (MJO), but the distribution of heavy rainfall over Java Sea has not been described in 
detail.  
Therefore, the objective of this study is to analyze the heavy rainfall during wet season over Java Sea in detail 
using maximum rainfall analyses. In this case, assume the intensification of the heavy rainfall events during 
December, January and February is enhanced by the theory of connection between the Inter Tropical Convergence 
Zone (ITCZ), which reaches its maximum displacement away from the Equator in the southern hemisphere in 
January. New evidence is presented to clearly demonstrate that maximum rainfall events occurred unevenly 
throughout Java Sea. Dai [23] shows that energy and water exchanges between the atmosphere and underlying 
surface are largely regulated by the diurnal cycle. So the diurnal cycle of rainfall are key to understanding spatial 
patterns of wet season rainfall over Java Sea and their temporal evolution of maximum rainfall.  
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2. Data and Methods  
The Tropical Rainfall Measuring Mission (TRMM) 3B42 precipitation version 6 data of wet season conditions; 
namely, December January February (DJF) from 1998 to 2013 are used in this study. TRMM is satellite estimates of 
precipitation data that cover both land and ocean, which is important for analyzing rainfall pattern across the 
coastlines of Java [15]. The dataset is 3 hourly high-frequency intervals temporal resolution with 0.25° x 0.25° 
spatial resolution where area study focuses in Java Sea (Fig. 1). The TRMM data will provide complete spatial 
distribution for the area study. For detail information about this data can be found at the web page of Goddard Earth 
Sciences Data and Information Services Center of National Aeronautics and Space Administration 
(http://daac.gsfc.nasa.gov/precipitation/TRMM_README/TRMM_3B42_readme.shtml). 
Fig. 1. Area study in Java Sea was indicated by a red rectangular box. 
The alternative criterias for heavy rainfall have been established [16, 17, 18, 19, 20, 21] as mention in 
introduction part. However, by dimensional analysis Kahlig [24] derived several criteria for heavy rainfall (Table 1). 
From Table 1 we have 5 criterias of heavy rainfall: heavy shower (10 mm/hr), severe shower (20 mm/hr), downpour 
(30 mm/hr), cloud burst (40 mm/hr) and violent shower (50 mm/hr). In this study heavy rainfall is represented by 
amount of hourly maximum rainfall.  The significant maximum rainfall using in this study is severe shower (20 
mm/hr) as giving by Kahlig [24]. To address the general pattern of heavy rainfall, we first focus on spatial 
distribution of maximum rainfall over Java Sea region. In contrast, local-scale phenomena of diurnal variability over 
Java Sea will be discussed using spatial distribution of hourly rainfall at 3 hourly intervals. The spatial distribution 
of rainfall average and standard deviation were presented to support normal amplitude of rainfall. 
Table 1. Tentative threshold values of rainfall intesities
Kind of shower  Rainfall in 1 hour (mm/hr) Rainfall in 1 minute (mm/min) 
Moderate shower 2 0.1 
Heavy shower 10 0.5 
Violent shower 50 2.5 
Tentative interpolations   
Severe shower 20 1 
Downpour 30 1.5 
Cloud burst 40 2 
Source: Kahlig (1993) [24] 
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3. Results and Discussion 
Fig. 2a shows the spatial distribution of maximum rainfall inferred from TRMM surface rainfall 3 hourly data 
over Java Sea of wet season from 1998 – 2013. We recognized some of threshold values of heavy rainfall criterias 
as in Table 1. In the area, the significant values of maximum rainfall within the region vary from 35 mm/hour to 60 
mm/hour as a cloud burst and violent shower. The highest maximum rainfall events occur over Java Sea, mainly 
Eastern of Lampung, Northern of Cirebon and center of Java Sea. The lower values maximum rainfall event occurs 
over land (Lampung, Java, Bali, NTB, South Kalimantan and South Sulawesi).  
Fig. 2b shows the Local Time (LT) distribution of maximum rainfall as in Fig. 2a. We recognized maximum 
rainfall pattern over land occur at the evening (13.00 – 22.00 LT) and over sea occur at the morning (22.00 – 13.00 
LT). This maximum rainfall around midnight (00.00 – 03.00 LT) was called maximum MCC [25]. The systems do 
tend to follow the nocturnal life cycle are found during the months of DJF. So one such severe-weather-producing 
system that may contribute to the intense convective activity over Java Sea is the MCC. 
a) b)
Fig. 2. Spatial distribution of (a) maximum rainfall and (b) time distribution of maximum rainfall inferred from TRMM surface rainfall 3 hourly 
data over Java Sea from 1998 – 2013. 
Fig. 3 shows time sequences of the the spatial distribution of maximum rainfall over Java Sea. There is high a 
maximum rainfall over Java Sea especially in the morning (Fig. 3a). So, the diurnal cycle of area study is 
characterized by afternoon to nighttime rainfall maximum over land (Fig. 3c - e) and night-time to morning rainfall 
maximum over sea (Fig. 3f, g, h, a, b). This result has agreement with Ichikawa and Yasunari [26] over Borneo 
Island. 
Fig. 4 shows time sequences of the spatial distribution of rainfall average over Java Sea. There is high an average 
of rainfall over Java Sea especially in the morning (Fig. 4a). So, the diurnal cycle of area study is characterized by 
afternoon to night-time of rainfall average maximum over land (Fig. 4c - e) and night-time to morning of rainfall 
average maximum over sea (Fig. 4f, g, h, a, b). 
Fig. 5 shows time sequences of the spatial distribution of rainfall standard deviation over Java Sea. There is high 
a standard deviation of rainfall over Java Sea especially in the morning (Fig. 5a). So, the diurnal cycle of area study 
is characterized by afternoon to night-time of rainfall standard deviation maximum over land  (Fig. 5c - e) and night-
time to morning of rainfall standard deviation maximum over sea (Fig. 5f, g, h, a, b). 
The morning rainfall maxima for all three statistic conditions (maximum, average and standard deviation) are 
related to the localized boundary layer convergence due to their interactions with the land breeze [27]. This occurs 
preferentially in the morning because the atmosphere is more stable, which favours a strong land breeze. 
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a)                              07.00 LT e)                              19.00 LT
b)                              10.00 LT f)                              22.00 LT
c)                              13.00 LT g)                              01.00 LT
d)                              16.00 LT h)                              04.00 LT
Fig. 3. Spatial distribution of daily maximum rainfall at 3 hourly intervals data over Java Sea from 1998 – 2013. Panels (a), (b), (c), (d), (e), (f), 
(g) and (h) correspond to 07.00, 10.00, 13.00, 16.00, 18.00, 21.00, 01.00, and 04.00 LT respectively. 
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a)                              07.00 LT e)                              19.00 LT
b)                              10.00 LT f)                              22.00 LT
c)                             13.00 LT g)                              01.00 LT
d)                              16.00 LT h)                              04.00 LT
Fig. 4. Spatial distribution of daily average of rainfall at 3 hourly intervals data over Java Sea from 1998 – 2013. Panels (a), (b), (c), (d), (e), (f), 
(g) and (h) correspond to 07.00, 10.00, 13.00, 16.00, 18.00, 21.00, 01.00, and 04.00 LT respectively. 
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a)                              07.00 LT e)                             19.00 LT
b)                              10.00 LT f)                              22.00 LT
c)                              13.00 LT g)                              01.00 LT
d)                              16.00 LT h)                              04.00 LT
Fig. 5. Spatial distribution of daily standard deviation of rainfall at 3 hourly intervals data over Java Sea from 1998 – 2013. Panels (a), (b), (c), 
(d), (e), (f), (g) and (h) correspond to 07.00, 10.00, 13.00, 16.00, 18.00, 21.00, 01.00, and 04.00 LT respectively. 
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From the evolution of hourly rainfall at hourly intervals, Fig. 4 illustrates a clear diurnal variation over Java Sea 
region. From 22 LT to 10 LT the large average rainfall mainly located in the Java Sea. Then from 13 LT to 19 LT 
the large average rainfall mainly located in the inland. While from 10 LT to 13 LT the large average rainfall located 
in both the Java Sea and the inland. And from 19 LT to 22 LT the large average rainfall located in Java coastwise. 
This situation has agreement with the formation of its maximum and standard deviation of 3 hourly rainfalls in 
diurnal cycles. The daily convective rainfall in the inland region is much more than that in the sea region, but heavy 
rainfall is often found over the sea. 
In general there is a MCC-like pattern in all three spatial distribution (Fig. 3e,f,g,h; 4e,f,g,h;  and 5e,f,g,h) at 
19.00 – 04.00 LT. This pattern is like a convective cloud system that large, long lived, and exhibits a quasi-circular 
cloud shield as MCC was defined by Maddox [8]. These events account for large percentages of the total rainfall 
across Java sea (about 10 h), which have been shown to have a substantial impact on regional rainfall (with 
maximum rainfall t 35 mm/h).  
While diurnal cycles of rainfall features present that the development and movement of convective rainfall is 
mainly related to the land and sea breezes. It is expected that there is more rainfall activity in night-time than 
daytime over the sea. Importantly, there is night-time rainfall in addition to daytime rainfall during the wet season 
over Java Sea that is strong. During the wet season in Java Sea, the low night-time rainfall in the TRMM 
observations does not correspond with the high night-time rainfall.  
This study extends our global understanding of the potential role of MCCs in regional rainfall totals, espescially 
in Java Sea. MCCs properties in the previous study are large, long-lived events that produce copious amounts of 
rainfall over wide areas. Further investigations could examine the copious rainfall events compared with MCCs 
events definition from previous study [8, 28, 29, 30]. 
4. Conclusion
Diurnal cycles of rainfall features present that the development and movement of convective rainfall is mainly 
related to the land and sea breezes. The evolution of hourly rainfall at 3 hourly intervals, illustrates a clear diurnal 
variation over Java Sea region. From 22 LT to 10 LT the large average rainfall mainly located in the Java Sea. Then 
from 13 LT to 19 LT the large average rainfall mainly located in the inland. While from 10 LT to 13 LT the large 
average rainfall located in both the Java Sea and the inland. And from 19 LT to 22 LT the large average rainfall 
located in coastwise. This situation has agreement with the formation of its maximum and standard deviation in 
diurnal cycles. The daily convective rainfall in the inland region is much more than that in the sea region, but heavy 
rainfall is often found over the sea. In general there is a MCC-like pattern in all three spatial distribution at 19.00 – 
04.00 LT. This pattern is like a convective cloud system that large, long lived, and exhibits a quasi-circular cloud 
shield. Further investigations could examine the copious rainfall events compared with MCCs events definition from 
previous study. 
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